Purpose: To estimate the proportion of children with trachomatous inflammation-follicular (TF) and adults with trachomatous trichiasis (TT) in internally displaced persons (IDP) camps in the Darfur States of Sudan and to evaluate associated risk factors.
Introduction
The United Nations Office for Coordination of Humanitarian Affairs (UNOCHA) estimates that in 2014 more than 59 million people worldwide were displaced from their homes due to conflict or insecurity. 1 Over 38 million of these were internally displaced persons (IDPs) still living within the borders of their own country. 2 Displaced persons present unique challenges to health systems, having an increased risk of infectious disease, [3] [4] [5] malnutrition related to food and water insecurity, [6] [7] [8] trauma-related psychiatric disorders [9] [10] [11] and maternal mortality. 12, 13 Even where healthcare needs could otherwise be managed, large-scale interventions are made difficult by ongoing risks of violence 3, 14, 15 and the itinerant nature of the population.
Trachoma is an eye disease that blinds through recurrent 16, 17 conjunctival infection with the bacterium Chlamydia trachomatis. It is the most common infectious cause of blindness worldwide, 18 affecting the world's poorest and most vulnerable populations. 19 Infection is spread from eye to eye directly by touch, or indirectly through fomites or eye-seeking flies of the Musca genus. Female Musca spp. flies preferentially lay eggs on human feces left exposed on the soil. 20 Trachoma is associated with low levels of access to water, sanitation and hygiene (WASH), being found in areas of extreme poverty across the globe. 21 WHO has targeted trachoma for elimination by 2020 22 using the SAFE strategy. This consists of Surgery for those with advanced disease, Antibiotic treatment, Facial cleanliness and Environmental improvement in endemic areas. 23 Recommendations for the A, F and E interventions are stratified by the prevalence of the sign trachomatous inflammation-follicular (TF), with (for example) areas having a prevalence of TF ≥10% in children aged 1-9 y requiring mass drug administration (MDA) of antibiotics, plus implementation of the F and E components of SAFE for at least 3 y before review. 21, 24 In theory, F reduces the community-level volume of infected secretions available for transfer from eye to eye 25 ; E, which involves increasing access to water and sanitation, facilitates facial cleanliness and reduces the number of breeding sites for Musca spp. 26 However, the evidence base for the F and E interventions is significantly weaker than that for S and A. [27] [28] [29] The Darfur States in Sudan have been affected by conflict and population displacement since the outbreak of civil war in 2003. UNOCHA estimates that as of December 2015 there were 2.7 million displaced people in Darfur out of a total population of 8.8 million. 30, 31 Darfur comprises five states in the West of Sudan: North, East, West, South and Central Darfur.
Recent trachoma surveys conducted in the Darfur States justify antibiotic MDA in five districts found to have a high prevalence of TF in children. These surveys included IDP camps, and found that living in an IDP camp was a strong independent risk factor for TF, with children living in these camps having odds of TF 2.6 times higher than non-IDP camp-resident children. 32 In this paper, we conduct a subanalysis of this IDP camp population to identify independent risk factors that might explain this increased risk of trachoma in the IDP camp population. We report the trachoma prevalence and between-camp risk factors associated with disease.
Methods

Study design
We conducted a secondary analysis of data from 27 crosssectional population-based trachoma prevalence surveys carried out in the Darfur States during 2014-2015. Full details of the methodologies used in the original surveys are presented elswhere. [32] [33] [34] IDP camps were identified from these primary data sets by cross-referencing government census data.
Water and sanitation access
Household-level data on access to water supply for drinking and washing, and sanitation facilities, were collected by field teams at the time of the survey by a focused interview with the head of the household and by direct observation. Water and sanitation access was recorded by a combination of direct observation of structures and responses to questions, depending on whether local or remote structures were used; reported use was obtained by interviewing the head of the household. Recorders were trained to identify water and sanitation infrastructure and access categories based on the WHO/UNICEF Joint Monitoring Programme for Water Supply, Sanitation and Hygiene definitions, which were used up to 2015. 35, 36 GPS coordinates were recorded at the front entrance to each household.
Climate variables
Data on local climate (at 2.5 arc-min resolution~5 km) were downloaded from WorldClim BioClim variables (worldclim.org). Annual mean rainfall and mean temperature, maximum temperature of the hottest month, and major landcover type, were considered as variables that could potentially influence infection transmission and therefore disease prevalence. Values were extracted from available rasters at the cluster level, defined as the mean easting and mean northing GPS coordinates of all households in a given cluster.
Statistical analysis
Multilevel logistic regression was used in order to account for a change in the variance in the outcome variable between the different population levels. 37 Data were collected from units at three different levels (state, camp and household). Outcomes were evaluated for potential clustering of both TF and trachomatous trichiasis (TT) at state, camp and household levels. If no clustering was identified, a standard logistic regression model was used. Univariable associations were considered for inclusion in the multivariate model if p≤0.05 (Wald's χ 2 test). A stepwise-inclusion approach was used, with variables retained in the model if significant at the p≤0.05 level (likelihood ratio test). All risk factor analysis was carried out in Stata 10.2 (Stata Corp LP, College Station, TX, USA).
Results
A total of 36 IDP camp clusters within 11 districts were identified in 27 surveys in the Darfur States (Table 1, Figure 1 ). In principle, an IDP camp should be a transient place of residence for individuals who have been forced to migrate due to (for example) civil unrest or famine. In reality, some camps here were settled decades ago, with a proportion inhabited by those who migrated from what is now South Sudan, and they may have little hope of return. Because of the method of selection we used, all included data were by definition from IDP camps that were formally recognized by the government of Sudan, and so were not likely to be recent settlements.
A total of 1080 households and 4556 individuals were enumerated in the 36 IDP camp clusters (Table 2) , of whom 3877 individuals (85%) were present and consented to examination. A total of 1926 children aged 1-9 y were enumerated over all identified IDP camps, with 1823 (95%) present and consenting to examination. The median age of participants of all ages was 13 y (range 1-100 y) and 56% were female. 
Clustering of TF
A null model for TF adjusted for age and gender showed statistically significant clustering at state, camp and household levels.
The adjusted standard deviation in the odds due to betweenstate clustering was 0.38 (SE 0.20, p=0.01), due to betweencamp clustering was 1.54 (SE 0.28, p<0.0001), and due to between-household clustering was 2.35 (SE 0.31, p<0.0001). The model adjusting for clustering at household level only was a better fit than models also accounting for state and camp clustering. All subsequent analyses on TF presented in this paper are from two-level hierarchical models with adjustment for household-level clustering.
Proportion of TT
Of 2139 individuals examined aged ≥15 y, 16 (0.7%) had TT. The camp-level prevalence of TT ranged from 0% up to a maximum of 7.3% (4/55) of those aged ≥15 y in an IDP camp in the Azoom district of Central Darfur.
Clustering of TT
A null model for TT adjusted for age and gender showed no statistically significant clustering at state, camp or household levels. All subsequent analyses on TT presented in this paper are from logistic regression models.
Factors associated with TF in children aged 1-9 y
Univariable associations of TF are presented in ). There was also a strong independent association between TF and obtaining household drinking water from a water vendor (OR 9.9, 95% CI 2.1 to 46.8) compared with obtaining water from an improved source (Table 4 ).
In IDP camps in Sudan it is common for households to rely on delivery of water in recycled oil barrels. Households obtaining water from vendors were present in 6 of the 36 camps surveyed, with 96% (173/181) of households surveyed in these 6 camps identifying such water vendors as their water source. In these 6 camps the proportion of children aged 1-9 y with TF was 21.1% (57/270) compared with 5.2% (81/1472) in the other 30 camps, the difference being highly statistically significant (p<0.0001, χ 2 test).
Factors associated with TT in those aged ≥15 y
Univariable associations with TT are presented in Table 5 . In the final multivariable model, TT was strongly independently associated with being aged ≥40 y (OR 22.0, 95% CI 2.8 to 171.6) and living alone (OR 6.9, 95% CI 2.1 to 22.7, Table 6 ).
Discussion
We found clustering of TF at state, IDP camp and household levels. The strongest effect of clustering was found at household level, consistent with the evidence presented by other studies, [38] [39] [40] [41] [42] and a two-level hierarchical model was used to account for this. At an individual level, in IDP camps in Sudan, younger age was strongly associated with TF, another common finding in the trachoma literature from other contexts. 38, 39, 42, 43 We found no association between TF and gender, in keeping with trachoma's close-contact mode of transmission, in which 
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Transactions of The Royal Society of Tropical Medicine and Hygiene exposure would be expected to be similar in children of both genders; [44] [45] [46] however, we included gender in all models a priori. Household access to a private latrine of any kind was associated with decreased odds of TF. This could be considered a small validation of the WHO/UNICEF Joint Monitoring Programme for Water Supply, Sanitation and Hygiene's definition of an improved latrine as one used by a single household (among several other criteria). Private latrine ownership is believed to confer a greater incentive to keep the latrine clean and well maintained, which in turn encourages more consistent use. However, the literature to support this having a protective association against trachoma is lacking: a number of studies suggest that the use of any latrine is protective, without identifying any additional benefit conferred by the latrine being private. [47] [48] [49] In 
Transactions of The Royal Society of Tropical Medicine and Hygiene addition, several studies have suggested that community WASH coverage thresholds, rather than household-level WASH outcomes, are a better indicator of the protective association of access to sanitation, probably because of the decreased availability of feces in open areas to facilitate the spread of Musca spp. flies. 50, 51 In our data, similar odds of TF were observed between residents of households that practiced open defecation and residents of households using shared latrines. It is of course possible that the protective association of private latrine access here is mediated through other (unmeasured) factors, such as the health or educational advantages enjoyed by those with sufficient resources to enable maintenance of a private latrine. At household level, sourcing drinking water primarily from a water vendor was strongly independently associated with TF in children. This relationship was also seen using the main source of washing water as the explanatory variable, although both source of drinking water and source of washing water were not included in the full model due to collinearity between the two variables (as most households' sources of drinking and washing water were the same). A higher number of people living in the household was not associated with TF. Anecdotally, oil barrels for holding water are stored in the home and water from them is used for all drinking, cooking and cleaning by the household; in this context it would be understandable if use of the water for personal hygiene purposes was not prioritized because of the associated cost. However, the relationship between water cost or distance-to-source and use is known to be complex, and so we are wary of overinterpreting these data. 52, 53 IDP camps present a difficulty for trachoma elimination ambitions. There is relatively little experience in the implementation of the SAFE strategy in conflict-related settings such as these, and the question of whether decisions regarding interventions in these camps should be considered under the same guidance as non-IDP populations arises. Despite the IDP camps being seen as relative hotspots for trachoma, existing WHO guidelines make no recommendations as to how healthcare providers should respond. Understanding how best to undertake trachoma elimination interventions in these areas has to be a priority on disease control (as well as humanitarian) grounds.
Studies on the efficacy of health outcomes of hygiene and sanitation interventions in humanitarian crises are lacking, with published studies usually presenting data on the incidence of diarrheal illness. Few studies look at specific WASH interventions, including the fidelity of implementation and levels of utilization, so that to date, evidence of the impact of such interventions in this setting is scarce. [54] [55] [56] [57] [58] [59] [60] [61] In the case of trachoma, the association between disease and limited water access has been described before, 45, 62, 63 but with notable exceptions where such a relationship was not evident; [64] [65] [66] [67] the disparity probably relates to the fact that ready access to water does not necessarily mean frequent use of water for personal hygiene. 68 Beyond associated data, studies that demonstrate a significant impact of water or sanitation interventions on trachoma prevalence are still needed. Implementing sanitation interventions, like implementing the other components of the SAFE strategy, is likely to present 
